Points from the literature on steroid anxsthesia have been discussed. An investigation of 25 patients showed how operations can be conducted under steroid anisthesia in those who are seriously ill from various causes. Unconsciousness was produced in most instances by 0 5 gram hydroxydione. The blood pressure fell and the pulse-rate rose slightly during the induction. About one-third of the patients developed hiccup during upper abdominal operations. Notes were made of the duration of unconsciousness. Thrombosis of the veins used for hydroxydione injections was a disadvantage. Our observations would tend to show that this drug offers promise and further investigation is proceeding.
Adrenal Response to Stress Before Operation, During Anesthesia:
and During Surgery By ROBERT W. VIRTUE and MARY LOUISE HELMRICH Division ofAnesthesiology (Department ofSurgery) University of Colorado School ofMedicine Denver, Colorado IT has become well established that one response of the body to stress is stimulation of the adrenal glands to secrete various corticosteroids (Selye, 1952) . The functions of these compounds have been only partially elucidated, and the mechanism for the performance of these functions is even less well understood. However, one of the primary values of the adrenocortical hormones is mobilization of energy for cellular work. Sayers and Sayers (1949) suggested that adrenal hormones have a supporting rather than an initiating role in bodily processes. It is known that cortisone may alleviate the pains of rheumatoid arthritis; it is known that the 1 1-desoxycorticosteroids exert a special influence on electrolyte metabolism. Adrenocortical insufficiency is characterized by a negative sodium balance. Renal tubular absorption of sodium and water is inadequate in the absence of adrenocortical hormones. This situation is seen in Addison's disease. Uinder these circumstances the volume ofextracellular fluids is not maintained, and the concentration of extracellular sodium is decreased. Osmotic forces then move water to intracellular sites. With the hypovolamia which follows, blood viscosity and plasma protein concentrations increase. Cardiac output and renal and peripheral blood flows diminish, and a shocklike crisis may ensue. Desoxycorticosterone and aldosterone are especially potent in offsetting this sodium and water imbalance. Renal absorption of sodium requires energy for transference of sodium from tubular urine to tubular cell. The increased renal excretion of sodium that accompanies adrenocortical insufficiency can be explained therefore on the basis of submaximal mobilization of energy.
Cortisone and compound F have little effect on electrolyte or water metabolism, but they are highly active in carbohydrate metabolism. A deficiency of these oxygen-containing hormones results in rapid depletion of glycogen reserves. This action is probably integrated with protein metabolism in that adrenocortical insufficiency diminishes gluconeogenesis. Administration of compound F enhances the transformation of protein to glucose. The (protein) catabolic effect of adrenal hormones can be prevented by administration of glucose or can be accentuated by insulin. It seems then that the hormone causes these changes when necessary; i.e. the action is a supporting, not initiating, role.
Since surgical procedures may involve considerable stress, it seemed desirable to attempt to obtain some measure of evaluation of the various factors involved during the operative experience. Accordingly, measurements of free plasma dihydroxycorticosteroids were, chosen as an indication of adrenal response to trauma. Compound F is the steroid present in the blood of man in the greatest quantity (Romanoff et al., 1953) , and is measured in this determination.
METHOD
Blood samples were taken from 10 patients two days before surgery and from 15 patients the day before surgery. They were taken from these 25 patients and from 22 additional patients immediately before anesthesia, after one hour of ancsthesia, and again after one hour of surgery. In some cases samples were drawn at the end of surgery and again on recovery. Analysis was done by the Nelson-Samuels method (Nelson and Samuels, 1952) . this method can be relied upon to measure accurately levels of dihydroxycorticosteroids within a range of less than 3 micrograms per 100 c.c. of plasma. It involves extraction of the blood with chloroform, partitioning extraneous material, chromatography, and final development of a colour with phenylhydrazine and sulphuric acid. Changes in values of blood corticosteroids appear within fifteen minutes after a stressing reaction, so an hour of anesthesia was deemed adequate to measure the effect of the anesthetic agent. There were 3 groups of patients on the basis of the anesthetic agents used; 10 received nitrous oxide and thiopental (thiopentone), 10 received cyclopropane only, and 27 received ether. Of the patients receiving ether, anesthesia was induced in 10 with nitrous oxide, in 9 with thiopental and cyclopropane, and in 8 with cyclopropane alone. Table I shows that the average corticosteroid concentration of the samples taken from 10 patients two days before surgery was 9 gamma/100 c.c. plasma, and immediately before surgery that group had a level of 12-7 gamma/100 c.c. The average plasma steroid values of the 15 patients taken one day before surgery was 12-7 gamma, and immediately before surgery their average was 14 6 gamma. The changes recorded were not statistically significant. Differences not statistically different. *Uncorrected for diurnal variation. C-D z 13 patients. *The difference between the figure marked A and that marked B is statistically significant. ***The statistical difference between the figure marked C and the figure marked D is very highly significant. Table II indicates that the plasma concentration of corticosteroids during one hour of nitrous oxide-thiopental or cyclopropane anesthesia was essentially unchanged. The average value during ether anasthesia was somewhat elevated but the increase was not statistically significant. 11 of the 27 patients, however, responded to ether anesthesia with increased values of 10 gamma or higher. The other 16 patients showed little or no such response. The average blood corticoid values rose during the hour of surgical manipulation, and this increase could be correlated with the degree of trauma. The cyclopropane series was done with patients having short surgical procedures so data beyond 1 hour of surgery are unavailable. Little or no increase of blood corticoid values was apparent during these minor procedures. The increase observed during the hour of surgery in the nitrous oxidethiopental cases is made up of (A) very little change in those patients having minor procedures and (B) a fairly large increment observed in the patients whose surgery was more extensive. These data are supported by the higher values observed in the smaller number of patients from whom data are available beyond the one hour of surgery in the more lengthy procedures. Most of the patients receiving ether had fairly extensive surgery, and the continued elevation of steroid levels consequent to the trauma was consistently found.
RESULTS
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Continuing rise of steroid levels at the time of recovery (samples usually taken at 4.30 p.m.) should also be noted. This was observed consistently regardless of the anesthetic agent.
DiscussIoN
There is evidence that a diurnal variation occurs in plasma corticosteroid levels (Tyleret al., 1954; Engel et al., 1955; Doe et al., 1954) , the early morning valLes being about 5 gamma/100 c.c. higher than levels measured later in the day. Even without taking this into account, no statistically significant variation was found in comparing samples taken two days and one day before surgery with those taken immediately before anasthesia. When correction for the 5 gamma/100 c.c variation on control samples taken later in the daywas made, the average values the day before surgery are even slightly higher (no significantdifference) than the controls taken the morning of surgery. These results are definitelycontrary to those observed by Franksson and Gemzell (1955) who reported significant differences in 33 patients on the two days leading up to surgery. They obtained average values of 5-5, 8 5 and 14 5 gamma/100 c.c. on the three consecutive days. Franksson and Gemzell's samples were taken at the same time each day. Their control values were lower than ours. So far as can be ascertained, their samples were not partitioned during theanalyses. The control values determined on samples drawn immediately before starting anesthesia in our series had an overall average of 13 2 gamma/100 c.c. which agrees well with those found by Samuels' group (Sandberg et al., 1954) who found normal values of 13 gamma/100 c.c. on morning samples.
The unchanged values during nitreous oxide-thiopental anasthesia are consistent with the observations of Moore's group (Vandam, 1955) who found essentially no rise with these agents. They did, however, report increases when cyclopropane was the agent used. No such change was observed in this series. No opinion regarding this difference can be advanced until the details of their work become available.
The results obtained during ether anaesthesia indicate that ether may sometimes be a factor causing adrenocortical stimulation and sometimes not. 11 of the 27 patients showed' definite rise of corticosteroid levels, but 16 gave no such increase. One can only speculate at this stage of knowledge concerning reasons for this difference in behaviour.
By the end of surgery the reaction to surgical trauma had overshadowed differences due to anmsthesia. Plasma corticosteroids during the recovery period rose to even higher values than those found at the end of surgery. It is impossible to say whether the stimulus to production of these compounds ended with closure of the incision, or whether the bodily processes involved in healing may have provided a stimulus. The half-life of infused hydrocortisone in plasma has been measured at 1 0 to 1-5 hours (Peterson'et al., 1955) . On this basis, if recovery values were determined four hours after the cessation of surgery, it would seem that elevated levels must have been due to continuing production of hormones by the adrenal glands. SUMMARY (1) Dihydroxycorticosteroids of blood have been determined before and during anaesthesia, and dunng and after surgery as a measure of bodily response to stress.
(2) Values obtained two days and one day prior to surgery were not significantly different from those found immediately before surgery.
(3) Blood steroid levels were not elevated during an hour of cyclopropane anaesthesia, nor during. an hour of nitrous oxide-thiopental anesthesia.
(4) 11 of 27 patients receiving ether for an hour showed an elevation in blood corticosteroid level.
(5) Blood steroid levels rose during surgery in direct relationship to the intensity of the surgical procedure. They continued to rise for several hours, the highest level being reached some time7 after surgery had been completed.
